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Background: Downhill skiing is part of active life style in many residents of Alpine regions. However, only very little
information is available whether downhill skiing on a regular basis is associated with a healthier life style resulting
in the reduction of major risk factors for cardiovascular diseases and memory deficits when compared to the
general population. Thus, the aim of the study was to compare life-style characteristics and cardiovascular risk
factors between regular downhill skiers and the general population.
Methods: Self-reported health and life-style data were collected by questionnaire from 1259 long-term downhill
skiers (971 males, aged 57.3 ± 14.6 years; 288 females, aged 47.7 ± 16.4 years) and compared with data from the
general population.
Results: Long-term skiers showed more favourable life-style characteristics and a better health status than the
general population. Prevalences of hypercholesterolemia, systemic hypertension, diabetes, the frequency of mental
stress and the occurrence of memory deficits declined with increasing yearly skiing frequency.
Conclusion: Long-term alpine skiing on a regular basis may contribute to healthy aging by its association with a
healthier life style.
Keywords: Downhill skiing, Elderly, Health effects, Cardiovascular risk factors, Memory complaintsBackground
Downhill skiing represents one of the most popular win-
ter sports world-wide and particularly in Alpine regions.
Annually, an estimated 8 million skiers visit the moun-
tainous regions of Austria alone [1]. On the one hand,
several studies have dealt with the risk of traumatic and
non-traumatic events during downhill skiing [1-3]. On
the other hand however, higher levels of leisure-time ex-
ercise are generally associated with a healthier life style
[4] and thus downhill skiing as part of regular physical
activity may contribute to well-being and longevity [5].
These beneficial consequences may at least partly be me-
diated by reducing the usually high prevalence of major
cardiovascular risk factors in the general population [6].
In addition, the exposure to moderate altitude where* Correspondence: martin.burtscher@uibk.ac.at
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reproduction in any medium, provided the orskiing activities are typically performed might support
these favourable implications [7]. However, most studies
evaluating the effects of physical activity on the develop-
ment of cardiovascular risk factors refer to aerobic type
of exercises [8,9]. Downhill skiing however may differ
from that because it is not primarily an aerobic exercise
[10]. Data on potentially beneficial health impacts of
downhill skiing are scarce [10] and to our knowledge no
study has focussed on such impacts in the long term.
The aim of the study was to compare life-style charac-
teristics and cardiovascular risk factors between regular
downhill skiers and the general population. We hypo-
thesised that downhill skiing on a regular basis for many
years may be associated with a healthier life style and
the development of fewer traditional risk factors for
cardiovascular diseases when compared to the general
population. Because cardiovascular risk factors such as
hypertension, dyslipidemia, and diabetes appear to in-
crease the risk of cognitive impairment [11] we alsoal Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
Burtscher et al. BMC Public Health 2013, 13:788 Page 2 of 6
http://www.biomedcentral.com/1471-2458/13/788expected a population of regular skiers to report less
memory deficits.
Methods
A health and life-style questionnaire (Additional file 1)
has been designed including items selected from the
Austrian microcensus survey program [12] from our
previous study on the sudden cardiac death risk during
alpine skiing [1,3] and from the Global Deterioration
Scale [13]. The questionnaire has been tested in 15 male
and female regular downhill skiers aged between 15 and
75 years and based on their comments it has been re-
vised to optimize clarity and time-saving handling. Then
it was distributed as a supplement in the Magazine of
the Austrian Ski Federation. We particularly asked long-
term downhill skiers for completing and returning the
questionnaire. Data were collected on anthropometric
characteristics, general well-being, life style factors like
regular endurance exercises (hours/week), the annual
frequency of downhill skiing (three categories for low, mod-
erate and high skiing activity: < 11, 11–20, > 20 days/year),
smoking (yes, no), alcohol intake (regularly, occasionally,
no), self-rated unhealthy nutrition (yes, no) and known
risk factors for cardiovascular diseases and selected symp-
toms of memory deficits. Risk factors for cardiovascular
diseases included systemic hypertension (yes, no), hyper-
cholesterolemia (yes, no), diabetes (yes, no), and frequent
mental stress (yes, no). Memory deficits comprised forget-
ting familiar names, difficulty with learning new things,
difficulty with concentrating, and difficulty with complex
tasks [13]. These 4 symptoms had to be rated from 1 – 3
(no, occasionally or frequently). At least one symptom
rated as “frequently” plus a total score greater than 6 was
arbitrarily defined as memory deficits. Life-style and risk
factors of the skier population were compared to those of
an Austrian normal population of similar age and gender
distribution recorded by the Austrian microcensus survey
program (Austrian Health Interview Survey) [12]. The
basis for the Austrian Health Interview Survey was the
preliminary version of the European Health Interview
Survey (EHIS), which is carried out every 5 years by the
European Statistical System. The study has been ap-
proved by the institutional review board of the depart-
ment of Sport Science of the University of Innsbruck.
Statistics
Data are presented as means (SD) or frequencies and pro-
portions. To examine risk factors, ANOVA or Student’s
t-tests were used to compare means of continuous data
and Chi-squared test for analysis of frequencies and pro-
portions. The Cochran Armitage trend test was used to
study the underlying trend. Using multivariate step-wise
logistic regression analyses, anthropometric data, smoking,
alcohol drinking and unhealthy nutrition habits, painfrequency, mental stress, aerobic exercise and the fre-
quency of skiing were considered as potential predictors
(independent variables) for the development of systemic
hypertension, hypercholesterolemia, diabetes or mem-
ory complaints (binary dependent variables). Differences
were considered statistically significant at P < 0.05.
Results
The questionnaire has been returned by 1259 downhill
skiers, 971 males and 288 females. As expected, mainly
long-term skiers returned the questionnaire, which is
confirmed by the impressive skiing history reported
(Table 1). Thus, our sample represents a group of down-
hill skiers who performed their sport on a regular basis
for many years.
Health and life-style characteristics of the study
population
Anthropometric data, health and life style characteristics
are presented in Table 1. Male skiers reported an average
skiing history of 48.3 years and female skiers of 37.8 years
(P < 0.05); males being older, heavier, taller and with a
higher BMI than females (all P < 0.05). Compared to fe-
male skiers, males reported to more often drink alcohol,
reported more frequently unhealthy nutrition, showed a
higher prevalence of known systemic hypertension,
hypercholesterolemia and mental stress and had more
skiing days per year (all P < 0.05).
Comparison of health and life-style characteristics
between long-term skiers and the general population
In comparison to a general population of similar age, both
male and female skiers reported a better health status,
drank alcohol less frequently, were more often non-smokers
and performed aerobic exercise more frequently than the
general population. However, the prevalence of reported
risk factors for cardiovascular diseases did not differ be-
tween the general population and the skiers (Table 1).
Health and life-style characteristics of the study
population related to the yearly skiing frequency
The general health status improved with increasing yearly
skiing frequency, the prevalence of self estimated un-
healthy nutrition habits, known hypercholesterolemia, sys-
temic hypertension, diabetes, the frequency of mental
stress and the occurrence of memory deficits decreased
with increasing skiing frequency (all P for trend < 0.05;
Table 2). The weekly amount of aerobic exercise increased
with higher skiing frequency (P for trend < 0.05).
Independent predictors for the occurrence of various risk
factors
The results of the multivariate step-wise logistic regres-
sion analyses, adjusted for age and gender, are presented
Table 1 Health and life style characteristics of the study population
Variable Male skiers Age matched Female skiers Age matched
n = 971 General population1) n = 288 General population1)
Age (years) 57.3 (14.6; 16–90) (30 – 75) 47.7 (16.4; 16 – 82)b (30 – 60)
Weight (kg) 78.8 (10.7) 62.4 (9.3)b
Height (cm) 176.4 (6.4) 165.6 (6.3)b
Body mass index (> 25.0/< 25.1) 447/524 (46/54) (56/44)a 47/241 (16/84)b (45/55)a
Health state (moderate to bad/very good, good) 190/781 (20/80) (30/70)a 34/254 (16/84) (30/70)a
Smoker (yes/no) 97/874 (10/90) (28/72)a 20/268 (7/93) (19/81)a
Alcohol consumption (regularly/occasionally/no) 39/484/448 (4/50/46) (38/34/28)a 6/84/198 (2/29/69)b (15/35/50)a
Unhealthy nutrition (yes/no) 542/429 (56/44) 193/95 (67/33)b
Hypercholesterolemia (yes/no) 347/624 (36/64) (34/66) 76/212 (26/74)b (28/72)
Systemic hypertension (yes/no) 255/716 (26/74) (30/70) 31/257 (11/89)b (14/86)
Diabetes (yes/no) 49/922 (5/95) (6/94) 8/288 (3/97) (4/96)
Pain frequency (regularly/occasionally/no) 47/835/89 (5/86/9) 14/248/26 (5/86/9)
Frequent mental stress (yes/no) 566/405 (58/42) 104/184 (36/64)b
Memory deficits (yes/no) 66/905 (7/93) 17/271 (6/94)
Aerobic exercise (< 3/> 2 hours/week) 470/501 (48/52) (72/28)a 146/142 (51/49) (72/28)a
Skiing frequency (< 21/> 20 days/year) 341/630 (35/65) 126/162 (44/56)b
Values are means (SD; range for age) and frequencies (proportions).
1)Data are available from the Austrian microcensus survey program 2006/7; Ref. [12].
aProportions are different (P < 0.05; Chi-squared test) between skiers and the age matched general population.
bMeans or proportions are different (P < 0.05; t-test or Chi-squared test) between male and female skiers.
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1.25 – 2.01) and the higher yearly skiing frequency de-
creased (OR: 0.56; 0.39 – 0.80) the chance for development
of hypercholesterolemia in the studied skier population.




Age; years (mean; SD) 55.0; 14.9
Body mass index (> 25.0; %) 76; 42
Health state; moderate or bad (n; %) 51; 28
Smoker (n; %) 21; 12
Alcohol intake; regularly or occasionally (n; %) 94; 53
Unhealthy nutrition (n; %) 89; 50
Hypercholesterolemia (n; %) 77; 43
Systemic hypertension (n; %) 54; 30
Diabetes (n; %) 15; 8
Pain frequency; regularly or occasionally (n; %) 163; 91
Frequent mental stress (n; %) 106; 59
Memory deficits (n; %) 21; 12
Aerobic exercise (< 3 hours/week) (n; %) 104; 58
Data are means (age) or frequencies and proportions (all other variables). P-values have b
aMeans P < 0.05 for trend (Cochran Armitage trend test).was increased by a BMI > 25 (OR: 1.89; 1.40 – 2.55), fre-
quent mental stress (OR: 1.39; 1.10 – 1.93), and was de-
creased by frequently performing aerobic exercise (OR:
0.59; 0.35 – 0.95). The chance for the development of
diabetes type 2 was increased by a BMI > 25 (OR: 2.88;lation related to the yearly skiing frequency
Skiing frequency (days/year) P-Value
11-20 > 20
n = 293 n = 787
55.2; 15.0 55.1; 15.3 0.92
119; 41 299; 38 0.47
61; 21 112; 14 < 0.001 a
26; 9 70; 9 0.48
155; 53 364; 46 0.08
122; 42 293; 37 < 0.01 a
110; 38 236; 30 < 0.01 a
70; 24 162; 21 < 0.01 a
16; 5 26; 3 < 0.01 a
262; 89 719; 91 0.61
168; 57 396; 50 0.03 a
24; 8 38; 5 < 0.01 a
179; 58 342; 43 < 0.001 a
een calculated by ANOVA (age) and Chi-squared test for analysis of frequencies.
Table 3 Results of the multivariate logistic regression analyses
Dependent variable Predictors Odds ratio (95% CI)
Memory complaints Pain frequency (regularly or occasionally versus none) 1.73 (1.28 – 2.33)
Hypercholesterolemia (yes versus no) 1.75 (1.59 – 2.31)
Skiing frequency (10–20 days versus < 10 days/year) 0.37 (0.08 – 0.88)
Skiing frequency (> 21 days versus < 10 days/year) 0.22 (0.09 – 0.64)
Hypercholesterolemia Alcohol intake (regularly or occasionally versus none) 1.59 (1.25 – 2.01)
Skiing frequency (> 21 days versus < 10 days/year) 0.56 (0.39 – 0.80)
Systemic hypertension BMI (> 25 versus < 25.1) 1.89 (1.40 – 2.55)
Frequent mental stress (yes versus no) 1.39 (1.10 – 1.93)
Aerobic exercise (> 3 hours versus < 3.1 hours/week) 0.59 (0.35 – 0.95)
Diabetes type 2 BMI (> 25.0 versus < 25.1) 2.88 (1.60 – 5.20)
Skiing frequency (> 21 days versus < 10 days/year) 0.74 (0.55 – 0.94)
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skiing (OR: 0.74; 0.55 – 0.94). The chance for the occur-
rence of memory complaints was elevated by frequent
suffering from pain (OR: 1.73 (1.28 – 2.33) and by
hypercholesterolemia (OR: 1.75 (1.16 – 2.31), and was
diminished by the increasing frequency of yearly skiing
(11–20 days, OR: 0.37 (0.08 – 0.88); > 20 days: OR: 0.22
(0.09 – 0.64).
Discussion
The findings of the present study demonstrate (1) a
healthier life style of regular alpine skiers compared to
the overall population, (2) an improved health status
with increasing annual skiing frequency, and (3) the
predictive importance of the yearly skiing frequency for
the development of hypercholesterolemia, diabetes type
2, and memory complaints.
Regular downhill skiing, life-style characteristics and
cardiovascular risk factors
Although the studied skier population reported on aver-
age a healthier life-style (greater amount of aerobic exer-
cise, less smoking, and less alcohol consumption) in
comparison to the general population, the prevalence of
cardiovascular risk factors (hypercholesterolemia, sys-
temic hypertension, and diabetes) did not differ between
the two populations. Thus, the healthier life style of
downhill skiers did not seem to translate proportionally
to reduced prevalence of cardiovascular risk factors.
However, the prevalence of these risk factors decreased
with increasing annual skiing frequency. Thus, our in-
vestigation shows a significant “dose dependent” effect
of downhill skiing on self-reported cardiovascular risk
factors and memory deficits. Differences observed be-
tween male and female skiers are similar to the gender
differences demonstrated for the general population and
may in the present study at least partly be explained byage effects. Of course, not only downhill skiing activities
may have contributed to the demonstrated beneficial
effects but rather the generally healthier life style asso-
ciated with long-term regular downhill skiing. Nevertheless,
the increasing yearly skiing frequency was an independent
predictor for the reduced prevalence of hypercholesterol-
emia, diabetes type 2, and memory complaints.
It has been long known that higher levels of leisure-time
physical activity are generally associated with a healthier
life-style [4,14]. Several studies reported a threshold dose,
e.g. of physical activity, to elicit beneficial effects on the
lipid profile, blood pressure and blood glucose levels or
aerobic exercise capacity [15-18] and skiing activities may
have contributed to reach this threshold dose [19]. We re-
cently demonstrated that more than 2 exercise sessions
per week are necessary to elicit an improvement of fitness
and related beneficial effects [15]. Thus, especially in the
winter season skiing activities may well help to reach this
threshold. The specific effectiveness of downhill skiing on
the development of risk factors is supported by the evi-
dence that eccentric type of exercise may have beneficial
effects on lipid concentrations and glucose tolerance [18].
These findings would help to explain the predictive im-
portance of skiing on the prevalence of hypercholesterol-
emia and diabetes and probably on the prevalence of
cognitive complaints. Additionally, also short-term expo-
sures to altitude may add to beneficial health effects by
improving glycemic control, blood lipid profile or exercise
tolerance [7,20]. The reduced prevalence of memory com-
plaints reported by regular downhill skiers can at least
partly explained by the current evidence indicating an as-
sociation between cardiovascular risk factors and cognitive
decline [11,21]. Besides, repeated exposures to hypoxia result
in preconditioning likely associated with neuroprotection
and neurogenesis [22]. Last but not least, social, emotional
and intellectual benefits from outdoor recreation may help
promote a healthy lifestyle.
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We are unable to estimate the response rate of the overall
population of long-term downhill skiers who really received
and noticed the questionnaire. However, the large number
of analyzed questionnaires strengthens the presented study
findings but we cannot entirely exclude a potential system-
atic self-report bias. Furthermore, keeping our question-
naire as comprehensive as possible, we did not include
questions about socioeconomic status and therefore can-
not exclude that people who are skiers are on a higher so-
cioeconomic level what might be relevant for health issues.
Also the data on risk factors are self-reported data and we
cannot rule out a certain number of unreported cases.
However, data collection was very similar in the skier
population and the overall population as well. Based on
our practical experience we assume that the relatively
low proportion of responding females may actually mir-
ror the gender ratio of long-term skiers. Additionally,
the presented findings only apply to regular downhill
skiers who have performed their sport for many years
but not to those who intend to start downhill skiing at
an advanced age.Conclusion
Long-term downhill skiing on a regular basis is associ-
ated with a healthier life style in comparison to the gen-
eral population. The general health status of long-term
downhill skiers improves with increasing yearly skiing
frequency by reducing certain cardiovascular risk factors
and memory deficits.Consent
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